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The Antyces taser systam !5 a large [10G «J; 20z pulsa lasar z;e-atin at id.6 ua.
The systen nas T2 9Sean iines, e=ach with an aparture of 900 cmc. The syscem Ai11 ba com-
acsad pri%acily of liarjge coppar-ficad airrors whese p-incipal Ilimens:ons range up %0
€5 cm.  Taese mirrz-s 'l ba s'ngle-2¢int Jiamond ‘iurnac ,ZP57; at the Y-1I facility ef
Lnion Cara‘de Zarocratian in Zak R:ige, Tannasi2:.  Xe have naz 3o zaviiop surface quaiity
soecificaticns “3r thess wirrsers. These spacificaticns werd inltially sat 3t 30 nm peaz-
ta-:aiey [s-v! syrfice arror for the micrcsurface ovar C.5-zm areas anc 550 na (p-v, over
the «nole mirrar surfgce.

In this 2aser an atsempt has Saen Tade to refine thesq soec'fizations %9 & more phys-
fcatly 2eaningfsl sat 24s2c ¢n the perfaramance of tha system. “ha opticyi specificatien
for Antar3s it 222" 0% of %he enearjs ’fram eich ceam Shoulc be Zeliserat 2 insias a 3GG-um
circle. The Ziff-31czian lim:ctez focal s3at fy 163 pm across, 32 imalil amounss of icw spa-
243 fegoudncy a2.9%-%R% A2ETralicns 3re accepntibie, Tnfg is tae "Yigure gvrcr® ana cin
Ue rzpresantds Sy a2 S99i-7{% fourcta-arser 20iynocmial. it is specifizs sedariteiy from ine
higner gad4tiai “~ecuvancy "sydfizura® er=crs that giffract light sut of the <3%-um circle.

Antaras «17) hive a compi=teiy 1.tcmetic alignment 3and cantaring sysiem, A mora ver-
4 ang tass xr275'/9 viirment systam cin be Jevalapea {f ine 2Alignment !s dcne with
'3 ligat, Thig tizntens the to arancas an the aisrosurface Syt not tna rigurg arrar.

These -a3uiramants, along witn taveri) lassar cnai, must e Jonsigerat when tclaranc-
ing the mirrcr cuality. 4 azo2ars *hat *he SPOT =ir-~drs turned 1% Y-12 wil) peat our
aininum raguisements.

intraducticn

A1l of <he Targe mirrgrs f"ar tre Antares Yasar system .Fig. 1) w#!'1 ba singie-point
diamond =urited ‘2207 at tne Y-:i2 faciiity of the Unidn Card!de fcr2oritforn in Cak Riige,
Tenressas. The trirazoidal-shiped scheras {20 ¢a Jy 30 c3m; and flats (uo o B5-zx alage-
nal; are $2 Le gut :9 the folidw:ng scecifications; the paak-%3-villay .3-v. surfaca mi-
cro?inish sha!! be less thin 50 nm over a G.25-mm ¥Field, while the la=ge gcaie surface
centaur er~ors 71sibiea con ar ‘nierfarag=anm choula be less than 520 nm o-v.+ [t !s 2ro-
nosed that this sat of reguirements be moaifie? 2and scmewhat ralaxed t0 2 more physicaliy
meaningfuil et Sasad an the aacun:t of 19.6-um radiation aiffrac:ed out cf ine DdDadm ania
$i38 ke sgastasing of 2 vigibie allgemant haoae,

Tne Antares ac2ical gpeacificasion is ¢o dellser 5C% of the iight aner3y f=am a1%h am
l1ine inta 1 f%0.um-diamete= circle. Thus, thase error3 *hii wou:l 21rffract 7301 out of
“ne 3%0-um cirzle snould bHe toteranced sezarately; “rom trose that don't. with moc=rai:
aavefrant errors [wix,y) << 13.) um], as we should exdast ‘n Antares, tais 3isision can
54 made baseg on %ha spatfa’ frequency ca:ntents of the surface 2-r2-;.

To calculaze the Eaximum spatial frequency :hat will rct diffract T1gh®t out of the
1C0-um circle, wa sracedd 218 f217ows: Assume *he mircor gu~f2ce has a sinusaidal varia.
2lon across !t w4 ¢! ® 2335 27x/) wsnere O is tha ‘nverse 2f tha spstial frecuunsy s s ts
5 determined. S Imall (w << LA} sinusoidai error lika this wili c-#fract scma iigh: into
the plus and minJe ona orders as srown in Fig. €. The 400-uym circle 1s shown in Fig. 3.
The plus and minuy one orde-s can translats 4% 120 um and still remain ia the 230-um .1r-

cle. This «111 ba true if 3> 1.5 m x i0.6 um/220 um » 1< cm.

The highest spat'a’ freaguency ad/ef~ont ar-ar tha: soeg not s{¥fract \.znt Jut 3f tas
dC0-um circia !s ssown 'n Fig, 4. VYote that sinusoianl tarms up ta this 2912121 Zresuaney
w!ll, shen s mmac icproprinztely, rearesant any faJrth order polynomfal.

vJork parfiraad uynde= the ausoices of the Y.S. Cetartmant aof Znergy
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There’are, a1y %11rC 3738* wavef=or: a==crs [«hign are Ze=iye2 #roa "jurtn 0-2g¢" adva‘ron:
4°"0"S, w1 " M0t @14fracc 3 $:gn'71ca1t amount 0 T3t 3.t of tne dTC.-.m siecte, ast.ming
win,y) €< i, Tng thi=g 3=3er Jderritions anc tne focys 4~-0r «!1] D¢ dge‘inea as ne *ig-
ure erro” arg sna'l ae z0"e-anzea sepdriiely from tne %'Jnar arier 4rr3rs nat ciffract
tignt aut of tna 4G0-_3 :'rz2la.

Te 812328 4 rir-or inen, 3Jefocus and tairg oraer j0er=atiyn terms are fit Sc che ing
te-~ferome:zricall, ceaz2=7118d surface u$11¢ -@33%-squarel ’‘:ne zoampJrea+ :ade FRINGE [:I=
«':1 20 *nf's,. Tne resia.al a#ror =!"1 3¢ 2f n-;ner ‘red.e~zy anc =11 a1°frac: .ignt out
of tae 2C0-um circla. I%s rxs v3l.e 7usSt D4 =2 ardancad se2aritaly. ~nase ar-crs shal:
2¢ cailaa tna "syofig.re arror".

Anotre” afngr zgast-=a'nrt 2n tna@ macrining s 12 &qep li13nt f-pm ret-s-c'®f=acting Hack
intd t=a 31in re3-on af the saowe= amp.ifie=. “n's woula cause parasit-, csci lacziang
<t ¢an 213°1y e zcre oy avraidirg sertarr :zo” acsance rages 15 #1171 de@ afsc.sseq &t tng
erc 9% o5 paser.

E“"lc:‘J" -"IQFI o

only a s5=a°! amouat 3f t7e 10.8-um "ignt <3n 3@ Ja-Tittes o be I1f racted oLt of tne
seamg If Angards s zc ze'fse» 9C3 nto a 1CG-1m cirzle, cinifgerming 47! of ine 20s831D8
aro.lems t-at 223 tad> ener3y Troma tha  d4aT. “nyg, o011y tmall gsurfacq ar-ors
[ai2,s; €€ IC.E umi] 22~ D& 171383 2 @acn =ireyr, 33 3 -esuil, tae Fiurc4r 1007y OF
zotvzs [2ffraction taezey,d 23n za L5231 a7 Ipcs nalyes.

The Subnf-54-9

Tme wa/afront 2-vcr ala,z; i3 tne gum 2f 4 virizus i1gaDencAnt @772 SAurces.  In-
¢l.380 21"9 %7Q C.5D°7"9 z.e 9 the tpo’' ~30°-yy, "4 -“317120" ta0l 13t’'e~, t~e locil ron-
s =aigniness 27 the ~ay8, Ars s$'axly varying affecss like teTpdratu=e va-f2:icns «nicn af.
fact tne *'4"s.

I(l.J; L 'Cu‘ﬂ ® drgngom - .-.]’ - 's.ﬂf‘iu'i - lllgur. . tl)

A1Y of these errad=S. axcact tra fig.-q, /2y Iuiia ~1p°dlys Ceigr the MimrQr c.-faca g0
e3c1 3'%Fracts 3 sTATT coTagonent of iae 13t w=vzaly; tnat i3, far ou.tsice e <5G-um -
ste. 43 2 =25,1t, tne pe~‘ad of ¢ "1 5122 is LnlToortant. Tre Aniz Daramatas At | .
facts tae onc-f; in tne JIC-y* c*~C a |'3 thne =TS zev'ition fram :ne JAst=f1t [ fou-tn or.

cem. pa',mca'a “re ener3y 1518 car Cle wmilzen asg

ATPY %: 2 ‘rag;? '§:' -/ .ff !'iinli * Trigus, P, (2;
of 2. (1) s subsevi.ted n%y 3. '), then :hg intagral g
[T;';"’; T Tiieara 2a: -!if1-="= * oandon T "wags T Ysubfijure 2o,

“hese -apialy varying tea~ms are al1 1rgeparceat of one anothe™ §2 =nhe €=3$3-Bradut: %4-mg
1n the integ=al are a"! zero  “n7u3, thne enargy 3iffracted oJut of tne 40C-um ci~cie !s tne
energy aiffracted Dy the C.83S 230€3 tO :tne anergy 3J1f4=3cc%ea by the =amcem t90 m0tion
9 .8 Tnat 3:Ff=actad oy *ne “cositatiriaass If taq eiy%8 NG TRe 5.3713ur.

L B R T . 142
ErEygpqy ") =728 (.'."'cuu‘A 1w einagnd* ¢ ! P 1l 'l.nf';u-|°A)'
“‘ow rep‘ace the 17ta¢=als w122 t7e rms gurface va~i3i-ong, 3iving
2 -
‘- - Y zl LY
!.'EtQ:.I L) 'rl -; a » (3,

'2 [ ] -2 - z - -z - -z
“tatal “CufDd “rangom “wad; 2 subfigure '

whaere [ 13 the anj3 e of i‘nc iance of tne beam on the mir=2r.



we hooe %0 use visibia iignt to cencar and align “he Daam =nraigh the system of mire
rors in Antares. A visible atijrnment scheme wou'!d b2 jass exdens‘se, =0-@ versatile, mors
acsu-~ate for centering, and seif-varifying. Tha borica we pay for thase senefits !s a
tighter tolerance on tne mirror microfinish.

During the beam centaring oaneraticn a te'escope in tha frant and of tae systam will
58 *acusa? gn the mirror upsn wnich the bdeam is baing centarei. Hance, the Heanm size upd-
sirean 2f said mirror w!1] 0@ 3t Mmost 3 cx across, rathar than neirly 30 ca as 1t {s when
the beam is focused on ha tarzet. Thus, Jnly tha center & cm cof the large airrors needs
to nave particularly high subfigure quality. Radiometric caleulations show that thess
canter portions should diffract iIGZ or iess of a visibl!e alignmen: Seam. “~ni3 medns an
rmt figure error of 26 nm as zer £3. (3). The rast of the zirror surface o all mirrors
shoula scattaer no more %han 5GX of a 633-nm beam which allows a surface raujnnass cf 43 nm
~ms. s shown in Eq. (3,, the energy loss 1n the sys:am is a fynction af the praduc: of
the actJyai surface arrors and =ha cosine of the a29la 7 inciaance. Thus, tnhne ai’owdbias
ArrQrs are 3-eatear In the mir-ors «#ith a Ligher angie of incijence. These raguiremants
are sunmarized in Tadla [ along witn the fraction of tha i!{jht “ast a0uic e unc!ffrasted
2% norma: incicence; that which would ca usefu! wh'le tikxing an interferngram. These mir.
rors will each aiffrace G.223 9¢ 1 10.8 um out of the +CS-un-¢ciamater circle, so six mir-
rors will scattar 1.3X of the tatal enargy.

The tatal rms arror must ba apdorticned to the :susoing zus %3 the %aol r~azlus, the
~andom t207 mMaticn, and the e&-=grg 3associated wit' yne ncr-3lraightness cf the ways in an
“ns fasnioan, as shawn ‘n £3. !3;.

Tabia Ii gives the relationship between the p-/ esrcrs and the rms arrars, =< .yep.
Srandomr 3aNd “aayye The random t300 motion {7,anagm/ ~2S 435umed to @ Gaussfan; that 13,
it was assumed 1) Se centinuously moving in and out in a rancom fasnion. If cthe rindom
motion s near 2ero for lonj stretches and then tae $201 chatters for a few turns, tni;
would not be Gaussian random metion and so the approximate p-v aquivalences given in Tib!e
i: would not be valid. 4lgo in Table Il are axamplas of an accsptanle allocation of tna
-8 nm and 40 nm rxs tatai arers=. In the exampies, p-v arrors of 145 nm and 2GC nm woula
58 pecesible. Figure § graphicaiiy Zispiays the inequaiicties:

- -~ .2 -2 52 .
“total " 28 WS 1T uen T Trandon * Teays ’
anc
- ;.2 . 22 -2 \
Wonw2 " (Teues ™ “random * “ways! °
TABLE !
‘iowabie 2ilowadle §33-nm Light Alionapls
Overal; Central Undiffractad Surface
Angie of Jusfigure Ragion at Normal Figure
Mirrgr ingcidence  ___i{rms) = Subfigure  _jncidence == Erra- :irag;
Jack Aaflacter ¢ 40 nm Z8 nm 50% 35 nm
Igrigcape |} 1go 52 na 2% nm 13% 35 nm=
Pariscozs 2 i20 12 nm 29 nm dE% 2% nm
Turniag 150 57 nm 4C nm ica 120 nm
shaxber
Mirrors
fold Flats ~279 14 nm 44 nm 153 35 am

Parabolas co 4C na 13 na g0% 1

(4]

n%

-
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TAELE I
Error AMS /P =Y Examples (reg/s-v)
p=v
&

Cusping -—Y\~ .30/1. 7.5 na/25 nm 7.5 nm/25 nm

Random .35/71. 17.5 /56 nm 25 nm/70 nm
Tool Mation \

47
Nonstraightness .~_-“’,-\~\" .29/1. 19 nm/6€ na 29 nm/100 nm

of kays

Combined 28 nm/143 am 40 nm/195 nm
Effects

Tha Figure Srrgr

Due to !lrsnt shysice considerations, the Strehl ratlo? of tha Antares systea should
be kept above 70%, shich meins 10% of the light anargy can be 1032 out of tha cantral core
of tha facusec saot. Ailowing a X loss for the microfinish and subfigurs, the remaining
9% sets the tolarance on the figure error. From £9. {2} the combinea rms figure error can
be calculatea to 3@ Ipqg = 250 na.

The figure arraor is a coxmbination of the third order astigmatism, coma, ind spherical
abarration. ?Power 9n a tiitad mirrar praducas astizmatisms, also. Tolarancing these air-
rors s vary subjective at best. The =nirrors aith a large angle of incidence will 2a¢
longar than thay are wide by the irc-sacant of the angie, making thes mors Iikely to shaw
astigmatisa when tney 1rea taken off tna machine. But, in additian, the arrors hive 3 las-
sar affect propor<ional to the casine of tha angla. Power on :hese tiitad mirrors s a1is0
4 probleas. The allowable rms error i3 sdaewhat lrbitraril¥ chotan as - =¢ for on-axis
mirrors, “p = 2t for tha off-axis parabols, ind (¢ = t/cos I) for the t{itea cocponants.
Taking the roeot of “he sum of the squara and astiing it aqual to 250 nm ras surfaca gives
tha rms figure errors in Table ;.

In Tabla II: *ne aspronriate ratias of the res aberrations %o the peaz-to-vallay are
given far tha third-order aberrations. The ras 7alues are calculatad at tha best focal
positions while the d-v values rapresant tne eherration at tha Gaussian i{mage piane. So,
to calculate the figure error, the n:ounté af third-order abarra:ions can be calculated
from intarfarogram data using FRINGE III. The vaiues can be muitiplied by the coeffi-
ciants !n Tab'e ll:.ljiving the ras figura arror. The raesults can be comparea with the

41lowable amounts in Tadie .

TABLE [I!
RATIQ OF aMS VALUES OF THE BEST BALANCED ABERRATIGH
70 THE PEAK-TY-VALLEY UNBALAHCED ABERRATICHS

Abgrratign intagra] of Balanceq Aberriifan  Yariange rmg/a-v
Asyigmatisa  1/af[ [a? < 172022 « yail TR CAad .21
Coma 1a J1 ]t e vy - 1§ y]z T .0825 .23
spherfcal /A [ [ [(a? 217 st v e e ocszs L0

Power Ast (l/cos I = ¢as I wama «21{i/cos I - cas I)

\ !
Wi



Mgasuring Macrg ang Vic=o Da-s‘atisns From the 2ast-F't 9olyngmia’

The best-?1t po'ynomiai needed for tnis representa:ion is cf fourta orca=; 1 conven-
fent chaice Yecauss SRINVGE 1. nas Selaqa’ 2asarratians w#!th wnicn a comaietely jzenaral
fourth-ordar poiynomia’: can bSe jJane~acted.

FRINGE [Il can als¢ calzulate the ras deviscion frao the polynoaial if tne interfaro-
gram is sa>mplad fairiy uniforaly. This is caliad the sudfigure errcr. The microrougnnass
must inciude all arrors wnose 2eriac is %20 sma’l %o de seen on :ne intarferogram. If,
for example, arro-s c¥ 2 mam pariod can barely be reso’vse3 on :zhe {at:rferogram, tnen the
levica used to ~Jdas.re :he microrcsghnass Tust nave 4 fleid of view af at ledst 2 7m.

“he subfigure and microrougnness can ba adced ‘n a root-sum-square fashian to jive the
total =mg dJeviation of the su-~face from :the Dest-fi: 20lynomial,

[ -2
3 + 7 a ) . (5)

Experimental agrk

Y-12 had finisnad :neir pratotspe mirror cut:ing a%t °he “ime this was riizan (June
2979) and were about %3 basin their first precduction run. Figurs 6 {s 1 633-nm intarfiro-
sraa of ane of the o-2totyspe IPOT surdaces. Tne figure apoears =0 be abou® 2 nalf of a
fringe peak-to-32a<, §) s rms yviide shou'ld Se reugn, 633 nm/l¢ 2 ¢ 2 3, acoroxizataly
50 nm., Tha sudfigure azpears o be lass tnhan i/s f-inga 50 =14 rms is asQu: Z5 nm; both
#e!) «ithin the tolaranzes pr:zosed.

The microfinish of a “"sister® samole was t-ac24 ' 1 Taylar-Rank-HoDscn “ailay stea
machine (F!g. 7). FigJ~e 1 shows 2 :ypical sec:izr =7 zne trace alcng wita a “best fi:
ting snowiqg tha Zeviat zn 3* the valleys. Tnis s casssz 2y tha ranmgem tagi wo:fon. Th
errars are

= 19 nm and « 3 nm .

"t001 ‘ra~com

Tm1s =mirror microrougnnass shoula aiffract 0.JCEX 2% ine a-e~3y out of 2 :C.5-um Heam,
not counting subfigure ar-ors. The micrordushness »'il1 also aiffract i.5% 3f 31 533-m
alignmant Seam at norma! incidance. Tnis was roughis verifiead {n that ciffraczion alus
adsorntion attenuiltad 3 Mele Dedm by 9%; 6-2% being 1Ssorotian. Assuring rno unforasean
prablems, tae nirrer Jualizy s comfarzadiy bette~ thia zhe minimur rezuirensn:.

Jool Advance Sateg

The cytiing tiol 1s advancad a: 1 uniform rate, ;iving a unifarm szactng of z=e 20k
and vailey. As such, the nirrors couid act as 8 grating ang aiffract lign: Jack ‘ntg the
s4in ragion, causing 2arasicic osc!ilations. “ne pa-asisic zrablem zan Sa avoizes ¥ :he
mirrors near the sain ragion {the perigcope mirro~s, arg ci® SsiCn “Pat 2@ 2Y3tance Dde-
ta2en 243ks on tne mirrors 1s not in the ranges

.'.lr‘—?-:—-:-,'l':.z...-

The %oocs anomaiy !s an enarzy ‘oss mechanisr: taal cods'd 31'3d cause J48 :rou.bl2. [t
can occur w«hen the 2dei«s are saparated by an inte;=al number af wa/elengths, so0 1voiz :tha
spacings, =, = 16.6 um, 21.2 um, aetc.

Recammengatisns

It 13 proposad that t4a figure be soecified radarazaly “rom the sudf'gure 1ng micro-
fiaisn, Tha figure =equiraments are 4ne-ated froe a target osnyslcs 20int 0f ci1gw. 471
Cther er=ars shou'd d¢ aaZaf in an =~mg fr3hian ana specified tigetae= s'nce iney reazrasant
the energy diffracted out of the =C0-um ¢ircle. “Thess are 111 Zadulatea in Tanie ;.



190-33

The arro*s cin 3o Jdeterwined i¥ 1n !nterfarogran ‘s maas 27 *ne «nole 24rt and ‘T sav-
argi microscopic inter®arograss are mace of area3 on the serface "nat are socawna® jarzar
than %na minimum resolvable arror of the large iantarfaragram. Tha large interfercgram
avst be requced ucing as uniform a gricd as possible. For exampla; 22 neariy straigas
fringar, a3ch of which i3 sampiac¢ avary 13 =m, eould %@ quits pcagquata. The =aduction cin
be done Jsing FRINGE IIi. Tha figure error can 5e removac «ith adarration coaf®iz‘ant:
througn ¢hir1 order; the rezainager 2aing subfigure arror that FRINGE iIl can caar ify.
The zicrofinish arrar can bu dataraines using 2 similar unifors sampling schaze. This
error can ta added in an ras fishicn ta ine sudfigurs arror %9 see if the airror maets
spacifizatizng which a2 jisiad ‘n Tabla I {50 nm ras senarilly with tighter t0lerance an
the cantra! regions of -ome mirrars).

Tha test: oisces run thus far indicate an rms microfinich of 15 na and the =33 sudb’ig-
ure err2r should be Tass than .3 nm. Thasa nucbars ara comfortably «ithin tha specificia-
sions 53 1t appaars tha: we shcul!d aasily exceed our saec'fication of 303 of %he anargy
in a 400-ym-diazater circle.
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Fig. 1. Schematic of the Targe SPOT cptics in i
of the 72 Antares beam iiras.
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Fig., 2. A sinusoidal wavefront errcr cn the Fig. 3. A iCC..m ¢circle with first orze=s
mirror will diffract iignt !nto me diffractec t2 the esge.
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Fig. =. Surface fiaeure errcr with highest spa-
sial frecuency rot ciffractiing lignt
cut of 4C0-.m zircla.
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